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ALBERT RICHARD HASSARD 


By J. R. CoLiins 
(With Plate XVII) 


HROUGH the death of Albert Richard Hassard on June 26’ 

1940, the Toronto Centre of the Royal Astronomical Society 

of Canada has lost an active and valued member from the ranks 

of its amateur observers. Born in Donegal County in Northern 

Ireland in 1873, he came with his parents to Canada when quite 

young and located in the town of Napanee, remaining there for a 
number of years. 

Taking up the practice of law as his life work, in 1895 he gradu- 
ated B.C.L. with honours from Trinity University (now federated 
with the University of Toronto), and after attending Osgoode Hall 
he became a barrister in 1898. He resided in Toronto ever since 
then, practicing law continuously. He was appointed a ‘King’s 
Council” in 1931 and remained a prominent member of his profession 
until the day of his death, when he collapsed from heart failure 
over his desk in his office while at his legal work. 

Mr. Hassard early became interested in astronomy and found 
in its study—as he remarked to the writer—a real intellectual 
recreation and helpful pleasure which temporarily relieved him 
from “the hard grind of the law’. He became a member of the 
Royal Astronomical Society of Canada in 1916 and was an active 
and helpful observer. He constructed several reflecting telescopes, 
including a 9, a 12 and a 14 inch, figuring the mirrors himself. 
With the exception of the 9 inch, however, he had the assistance 
of J. E. Mellish in giving the finishing touches. These instruments 
enabled him to do a great deal of interesting and useful work as an 
observer of the planets, double stars, clusters and nebulae, the 
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results being reported to the Toronto meetings from time to time. 
Slight changes in the belt formations of Jupiter and Saturn were 
noted and reported by him on several occasions, as well as the 
transits, eclipses and re-appearances of Jupiter’s satellites. The 
emergence of the satellites from the planet’s shadow was frequently 
a delight for him to observe, as well as the divisions and con- 
figuration of the rings of Saturn. These were noted and compared 
with descriptions contained in standard astronomical literature. 

He partially observed the transit of Mercury over the sun’s disc 
on May 7, 1924, and was looking forward to a similar occurrence 
on November 11, 1940. From time to time Mr. Hassard has 
contributed very readable articles to this JOURNAL and to Popular 
Astronomy and other magazines of a similar nature. Among the 
many tributes to the late Mr. Hassard’s work in astronomy is the 
following remark made to the writer: “I suppose your Society will 
never know how many young people became interested in astronomy 
because of his patient and kindly instruction.”” Mr. Hassard was 
Auditor of the Society’s books for several years. 

He was Vice-Chairman of the Toronto Centre of the R.A.S.C. 
during 1933 and 1934 and Chairman during 1936 and 1937. He 
was a keen advocate of a project to secure for Toronto and Canada 
a planetarium similar to those now in Chicago, New York, Pitts- 
burgh, Philadelphia and Los Angeles. 

Mr. Hassard possessed a collection of autographs of distinguished 
people from all over the world, said to be unequalled in America. 
He was the author of several books of a historical nature, the most 
noted being “Not Guilty and Other Trials”. He possessed a 
good library, and presented a number of its volumes to the Society. 

By those who knew him intimately it may be truthfully said 
that he was always an honourable and faithful friend, and it is 
with deep regret we note his passing from among us. 
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WHY NOT TRY ASTRONOMY ?* 


By H. Boyp Brypon 


Y way of introduction to our subject tonight I am going to read 

to you some extracts from the works of four authors whose times 

and places are widely separated. Here is the first, written by a great 

poet some 2,300 years ago, it reads: “Oh that I had wings like a 

dove. I would fly away and be at rest. Then would I wander off 

and remain in the desert. I would hasten my escape from the windy 
storm and tempest.” Psalm LV, 6-8. 

In recent years this escape theme has proved a perfect godsend 
to the lesser novelist and the bright young thing. “Oh! I want to get 
away from it all” has such a lovely world-weary sound, so exper- 
ienced, so clever. It isn’t really. It is a symptom; a dangerous 
symptom. It is a confession of weakness, not a sign of strength. It 
arises from idleness, not intelligence. 

Listen if you please to a great essayist, Michael, Lord Montaigne. 
He wrote: “As we see some idle and fallow groundes, if they be fat 
and fertile, do bring foorth store and sundrie of wilde and unprofit- 
able weeds and that to keep them in ure we must subject them and 
employ them with certain seeds for our use and service . . . So is it 
with mindes, which except they be busied about some subject that 
may bridle and keep them under, they will wildly scatter themselves 
through the vaste field of imaginations and there is no folly nor 
extravagant raving they produce not in their agitation.” 

“There is no folly nor extravagant raving they produce not in 
their agitation.” That well might have been written today. It is 
over three hundred years old. 

And from the Scientific American comes this, more apt than 
when printed fifty years ago. “No one in the world can be happy 
without a hobby. Indeed for diverting our minds from the little 
crosses we all have to bear there is no earthly solace so healing as a 
subject in which we are intensely interested, to which our thoughts 


*A radio address over Station CFCT, Victoria, B.C., delivered January 22, 
1940. 
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may at any moment recur when weary of suggestions we would 
escape. When in addition to being an innocent diversion ours is a 
useful study, we and our fellow mortals are alike gainers.” 

If we add that a hobby must gain in interest with the years, 
require no undue expenditure of what spare cash we may have nor 
take up too much of our time, we shall have a picture of the perfect 
hobby. 

In these three quotations we have the symptom and the disease, 
the cause and the remedy; the perfect hobby. The perfect hobby, 
where shall we find it? 

The fourth quotation gives us a clue. In one of Miss Dorothy 
Sayers’ delightful detective stories a character remarks: “I have that 
kind of vaguely inquiring mind that likes to be told what is going on, 
even though I could not be troubled to make a single experiment 
myself and should not have the vaguest idea what experiment to 
make.” 

Does not that admirably express our general attitude toward the 
things of science? We like to be told what is going on but do not 
want the bother of finding out for ourselves. There is nothing par- 
ticularly to be ashamed of in this attitude. It is quite reasonable. It 
is not our job to make experiments. Our activities lie in a different 
sphere. We have our own work to do. Ours is “the daily round, 
the common task,” not attempts to split the atom nor to fathom the 
mystery of the electron. Those are jobs for specialists. 

None the less, we are curiously constructed or constructed with 
curiosity. When our day’s work is done we cannot be idle. We 
cannot just sit and twiddle our thumbs. We must have something 
to occupy our minds, something that will bridle them and keep them 
under ; something to make us exercise our ability to think. So, pro- 
vided they are explained to us in language we can understand, we 
like to hear about the doings of those men who delve into the nature 
of things. 

For we desire earnestly to know what this universe of ours is all 
about. When Jane Taylor wrote the poem beginning: 

“Twinkle, twinkle little star 
How I wonder what you are” 
she was not merely expressing the half-formed feelings of a child, 
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she was voicing our ageless urge to know. Research goes on but 
the riddle of the universe remains. What does it mean this universe 
of ours? What mean those far off points of light we call the stars; 
whence came they ; how did the earth and the rest of the planets come 
into being; what causes the seasons; what keeps the stars in their 
courses ; how did it all come about? 

In learning somewhat of such matters shall we not possess a 
hobby worthy of the name? If there be a perfect hobby shall we not 
find it here, in Astronomy? Why not try it? 

We are so prone to neglect the substance for the shadow. We 
read about distant lands but are ignorant of our own country side. 
We travel far in search of interesting and beautiful things but are 
blind to the exquisite pageant of the stars in our own sky. Perhaps 
its nightly repetition causes our neglect. Perhaps, as Emerson 
wrote: “If the stars were to appear but once in a thousand years, 
how men would preserve for generations the remembrance of the 
City of God! One would think the air was made transparent with 
this design, to give men in the heavenly bodies the perpetual presence 
of the sublime.” 

Do not think astronomy holds no interest for you. Whether you 
realize it or not, astronomy is of vital importance to all of us. The 
title to the ground on which your house is built depends ultimately 
upon astronomy. Safe passage of ships in the sea and in the air, of 
railroad trains departing and what is perhaps more important, run- 
ning on time depends upon the work of certain observatories, notably 
Greenwich, which transmit daily accurate time to all parts of the 
world. Without it life as we have learned to live it would be 
impossible. 

But from the more personal point of view the charm of astronomy 
as a hobby lies in its cultural value. Here astronomy is preeminent. 
“Culture,” says the dictionary, “is the systematic improvement and 
refinement of the mind, especially one’s own.” 

“Astronomy,” said Edwin Arnold, “will eventually be the chief 
educator and emancipator of mankind.” Said Viscount Grey, 
“Astronomy offers one of those pleasures which follow the law of 
increasing returns. The more you develop it the more you receive 
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from it. There is no season in the year and no time of life when we 
are too old to enjoy it.” 

As a hobby then, the study of astronomy, as all who pursue it 
well know, is a never failing source of mental and spiritual develop- 
ment by which young and old, rich and poor, learned and unlearned, 
all may profit. 

So much for personal benefit. But there is yet a better reason 
for making astronomy your hobby: to be able to impart your knowl- 
edge to others, especially to children, that they too may learn to 
know the stars and as Carlisle put it, “to feel at home in the heavens.” 
“Every child has the right to be introduced to the stars as friends” 
said Dr. Aitken, the recently retired Director of the great Lick 
Observatory, “and to have his imagination stimulated and his mental 
horizon widened by learning of the vastness, beauty and wonders of 
the greater universe.” “Every child has the right to be introduced 
to the stars as friends.” Who more properly should make the intro- 
duction than his own parents. At the very least you should be able 
to tell him something about the Sun and Moon and teach him to 
recognize the conspicuous planets, Jupiter, Venus, Mars, Saturn; and 
the names and positions of fifteen or twenty of the brightest stars so 
that you won't have to stall when asked about them. Don’t for a 
moment think that your youngsters won’t know that you are stalling 
and that it won’t be a shock to them. Until they decide that you know 
nothing they expect you to know everything. Perhaps, indeed, find- 
ing ignorance where they have a right to expect knowledge causes that 
decision. Why risk it? Do not let them down on simple things like 
these. 

Sharing one’s astronomical knowledge with a friend helps both. 
It teaches one to think clearly and keeps one from imagining such 
remarkable phenomena as Coleridge’s celebrated star which “hung 
within the nether tip” of “the horned moon.” By the way, what is 
wrong with that picture? Quickly now, do you know? You really 
should, you know. If not, why not find out ; why not try astronomy ? 

You think astronomy too difficult for you? Nonsense! High 
scholastic attainments and vast mathematical skill are no more needed 
to enjoy the stars than botany to enjoy flowers. Naturally as we 
gain knowledge the more we are able and the more we have to enjoy 
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but this continually reiterated misstatement that knowledge, any 
knowledge of the stars is beyond the ken of ordinary folks like us is 
simply silly. Six thousand years ago the shepherds and plainsmen of 
the Euphrates Valley had no public schools, much less earned a 
college degree, yet they were thoroughly “at home in the heavens.” 
Must we, with our vaunted education, admit that we cannot do as 
well as they? That is absurd. No! instead of thinking how difficult 
astronomy is, why not try it? I assure you you will be glad you did. 

How to begin? Why not join the Royal Astronomical Society of 
Canada? Its membership is open to everyone interested in astronomy 
and the dues which are nominal include subscription to the JouRNAL 
of the Society and the annual Handbook, full of interesting facts and 
figures to the layman. 

You will like to know something about the Society itself. Fifty 
years ago out of some informal meetings of a few congenial spirits 
interested in various scientific pursuits grew the Astronomical and 
Physical Society of Toronto. After some changes in name and scope 
this became the Royal Astronomical Society of Canada with centres 
in the larger cities throughout the country. While it is proud to 
number in its membership professional astronomers in many lands, 
it is and always has been a society of and for amateurs, whose mental 
capacity and general ability are in no wise different from yours. 
They became members because they were interested in astronomy 
and found in the Society a means of satisfying that interest and of 
meeting others having a like interest to theirs. Why not follow their 
example? 


2390 Oak Bay Avenue, 
Victoria, B.C. 
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ECONOMICAL CONSTRUCTION OF TELESCOPES BY 
AMATEURS* 


By F. & P. ELLENBERGER 


HE amateur, desirous of observing the heavens from his window 

or his garden, can construct for himself at slight cost an astro- 

nomical telescope able to render real service. We shall consider, in 

these few lines, only the optical problem, leaving to the amateur- 
constructor its mechanical realization. 

Search for an Objective. There may be found at different 
opticians’ or photographers’ shops in Paris a large choice of achro- 
matic lenses, cemented with Canada balsam, of which certain ones 
can be employed as objectives for telescopes. Among the different 
types which are met with, two especially are to be considered. (1) 
Certain among them have a meniscus form, the converging lens of 
crown glass, situated at the rear, having its free face concave. Their 
relative aperture, being somewhat weak (1/10 to 1/15 generally), 
and their achromatism, being for visual rays, permit their employ- 
ment at once without correction, when they do not suffer from 
spherical aberration ; if they do, it will be wise not to make the pur- 
chase. (2) Some others have the rear face almost plane; the crown 
lens, situated in front is sensibly biconvex; their aperture is higher, 
1/10 to 1/3 and their achromatism is of a photographic nature. They 
constitute moreover the typical front lens of portrait objectives of 
the Petzval type. Sometimes one finds a lens of large diameter, 90, 
130, 160 mm., or more, in this case generally provided with a 
threaded mounting. Finally, one can buy old Petzval objectives of 
large model, complete in their cells. 

Before every purchase a brief test is made, preferably by the 
method of the limit of illumination referred to later on. Up to 
diameters of 60 to 70 mm., the bare lenses should not cost above 20 
francs. 

Disposition of the Tests. In view of proceeding to the tests, and, 


*From L’Astronomie for May 1940 (Translated) 
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if there is a suitable place, to the correction of the objective, the latter 
should be mounted with gentle friction in any rigid tube, provided at 
the other end with a tube of smaller diameter, accurately concentric 
with the former, wherein can slide a strong eyepiece, giving at least 
the normal theoretical magnification. A support for pointing the 
tube, movable with gentle friction, about two axes, vertical and hori- 
zontal, and a massive stationary base, will be necessary. 

Two different types of /uminous objects will be examined. Some, 
styled planetary objects, will be a planet or more simply a source pre- 
senting a certain surface, a ground-glass lamp or the lamp-shade of 
a candelabrum at a distance, for example. The others, stellar objects, 
will be a bright star or the filament of a very distant bulb or again 
the reflection of the sun from small bright objects on a dark back- 
ground, and permitting the observation of the diffraction figure char- 
acteristic of images of very bright sources. 

Theoretical Images. In supposing the objective well corrected 
and the telescope perfectly adjusted, the strongly magnified images 
of these objects should present the following characteristics, the dis- 
turbance of the atmosphere being supposed zero. 

A planet presents itself as a disc with perfectly clear edges, white 
or tinted of the proper shade and bathed in a weak blue-violet tinge, 
a little red sometimes at the edge of the disc, which is the secondary 
spectrum. A star will appear as a very small round disc, surrounded 
by a weak slightly luminous ring which ought to be single as long as 
the brightness of the source remains inferior to about the second 
magnitude; this figure is itself bathed in the halo of the secondary 
spectrum. 

With respect to these ideal figures, the aim to try for, the images 
are often affected with varied aberrations which it is necessary to 
discover and correct. 


DESCRIPTION AND CORRECTION OF ABERRATIONS 


1. Coma. This is a whitish tuft, separating itself from the image 
on one side, and broken up into arcs of rings when the object is of 
stellar dimensions. It is simply due to the inclination of the axis of 
the objective to the common optic axis of the telescope, and dis- 
appears when the objective is suitably oriented. At this moment, if, 
removing the ocular, one places the eye upon the optic axis, near to 
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the entrance of the tube, one can observe several reflections of this 
entrance from the faces of the objective ; these should be perfectly con- 
centric about the optical axis. (In order to have the reflections quite 
apparent, observe through a round hole having a diameter of several 
millimetres, practically in a white cardboard very strongly 
illuminated. ) 

It is desirable not to confound with coma the tuft which appears 
when one of the two lenses composing the objective is displaced 
obliquely from the other. 

2. Chromatic Aberration. The lenses constructed for photog- 
raphy present an insufficient achromatism; the image of a planet 
appears surrounded by a reddish secondary spectrum easily visible. 
A satisfactory visual achromatism is obtained by the simple inter- 
position of a simple weakly divergent flint lens between the objective 
and the ocular. In moving this lens progressively toward the objec- 
tive, the secondary spectrum passes from the red to the slightly 
visible blue-violet tinge, then to a lively blue, very apparent again; 
these tints are clearer on very slightly pushing in the ocular. The 
best achromatism is realized when the extra-focal circle, observed on 
drawing out the ocular, is yellowish with a central lilac zone. 
Remark, however, that the secondary spectrum is the more apparent 
as the aperture is increased; it weakens the contrast of small objects 
seen during the day moving upon the sky, but at night it destroys 
somewhat the clearness of luminous objects in the darkness. The 
interposition of a divergent lens has other consequences, (1) it 
increases the resulting focal length of the telescope, and (2) it intro- 
duces into the optical system a certain spherical aberration, of nega- 
tive sign, variable with the curvature of the faces and the position of 
the lens; it is necessary to take account of this. 

3. Spherical Aberration, This aberration ought to be perfectly 
corrected, under penalty of suffering a great diminution in the 
separating power of the objective which should be diaphragmed. The 
luminous rays issuing from the different zones of a well-corrected 
objective converge in a single common focal plane. The image of a 
planet, well focussed, is then absolutely clear, but it is confused when 
the ocular is displaced: the focus is “upset.” 

Outside the focal plane, on one hand and the other, one observes 
only luminous circles uniformly illuminated ; these extra-focal images 
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represent the sections of the solid luminous cone having the objective 
for base. 

When the objective suffers from spherical aberration, the rays 
which issue from the edges do not converge in the same plane as the 
central rays; according as they converge nearer or farther off than 
the latter, the aberration is of positive or negative sign. 

In a practical way, it suffices to separate little by little from the 
objective, the ocular which has previously been pushed too far 
inwards. The figures which one successively observes are character- 
istic of the sign. 

In a first case, the large extra-focal circle will be more luminous 
upon the edges than at the centre; according as one withdraws the 
ocular, its diameter will diminish, the illumination of its edges 
increasing always ; for a given position it attains its minimum radius ; 
then an image slightly mauve appears at the centre of a greenish- 
white halo, the image being more and more clear but becoming paler 
according as the halo increases. At the moment when the image dis- 
appears in its turn, the radius of the whitish halo measures the 
transversal aberration ; the central image, formed by the central rays, 
can be isolated by diaphragming the objective down to a more or less 
reduced aperture. The difference of the focus between the edges 
and the centre of the objective measures the longitudinal aberration. 
The sign is then positive. 

In a second case, the figures observed are presented in the inverse 
order, with slightly different colorations ; the aberration is of negative 
sign. 

The correction of the aberration can be attempted by two different 
procedures. The first consists in working on the objective itself and 
is applicable only when the sign of the aberration is negative. The 
two lenses, cemented by the balsam, are at first separated by boiling 
water of the water-bath, or better by steam, then cleaned with ben- 
zine or alcohol. One seeks to reduce the aberration by introducing 
between the lenses a thin shell of a liquid slightly volatile, of index 
weaker and weaker, then a shell or layer of air, the thickness of which 
is augumented by means of wedges of progressive thickness. It will 
generally happen that the aberration is annulled and changes sign in 
the course of successive trials. When the layer of air separating for 
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the future the two lenses is sufficiently large, it becomes sometimes 
necessary to reduce the aperture slightly. 

The second proceeding comes back to the interposition on the path 
of the luminous rays of an optical system affected with a spherical 
aberration inverse to that of the objective. It is especially interesting 
in the case where one wishes to correct an aberration of positive sign. 

The negative aberration peculiar to the diverging lens which we 
have proposed to interpose in order to ameliorate the achromatism 
of photographic lenses, can suffice to correct the objective, but it will 
be necessary to be able to make use of a collection of such lenses in 
order to choose that which suits the case exactly ;—their effect varies, 
however, with the sense in which the light traverses them. The focus 
of the telescope will move back in a variable manner. 


In putting together two single lenses, of converging powers equal 
and opposite, but of different curvatures, one will realize a system 
practically afocal and endowed with an aberration variable with the 
lenses employed, their disposition and their order ; for a certain posi- 
tion it will correct exactly the objective, without sensibly affecting the 
focal length. It will have, however, a chromatic effect more or less 
accentuated, especially if the lenses are of different glasses. This 
more flexible proceeding has the inconvenience of rendering the 
mounting of the telescope very delicate, and necessitates a centering 
and an orientation perfect among the different elements. Further, 
the faces of the additional lenses absorb light by reflection ; the useful 
field is found the more reduced, the stronger the curvature is. But 
it is applicable only to objectives having a strong positive aberration. 


4. Diverse Aberrations. Sufficiently often an objective, well cor- 
rected otherwise, gives images stretched out and coloured with the 
spectrum colours. This fault arises generally from the lateral dis- 
placement of one of the lenses, and will be corrected by making the 
positive lens to slide towards the exterior from the side where red is 
shown; sometimes one of the lenses has been edged in an eccentric 
manner and the optical centre differs from the centre of rotation. 

The decentering or the inclination of the correcting diverging lens 
which one might be disposed to employ provokes a quite smiliar 
aberration ; if one desires to correct the spectrum tints of the image 


it 
\ 
) 
ne 
{ 
| 


Economical Construction of Telescopes by Amateurs 365 


due to a defect in the objective, in working upon this lens, it will give 
rise to the deplorable achromatic aberration of astigmatism. 

Astigmatism consists in the fact that the luminous pencils issuing 
from the objective no longer converge to one point of the focal plane, 
but are based upon two successive crossed straight lines, the focal 
lines; the image of a star takes the form of a little baton. When 
in addition there exists a slight spherical aberration, the two focal 
lines are visible simultaneously; the star takes then the form of a 
cross of which the branches may be of different tints. 

Astigmatism may also arise when the accidental removal to one 
side of the lenses of the objective has provoked the appearance of a 
false coma, as one has seen it, and that one wishes to reduce this 
luminous tuft by inclining the objective, as if one was dealing with 
common coma.* 

Other aberrations can arise from want of homogeneity in the layer 
of balsam or of liquid separating the lenses of the objective; these 
defects appear in relief upon the illuminated background of the objec- 
tive, if, when the eye is near the focus, there is interposed exactly at 
the focus the edge of a plate (Foucault’s knife-edge experiment). It 
will generally take place upon unsticking objectives of large size. It 
may be that they were not purchased perfectly corrected and their 
balsam may not be perfectly homogeneous. 

Lenses exhibit rather rarely defects of grinding. But the mount- 
ing can introduce elastic deformations, especially when one wedges 
too tightly a large objective in its threaded cell; they are shown by 
curious deformation of the images and of extra-focal figures. 

In every case, the deformation of the extra-focal figures, which 
ought to be circles, regular and equally illuminated,—finely divided 
into rings when the object is a star,—indicates the existence of one 
or more causes of aberration. A little patience and methodical treat- 
ment are sometimes needed to guide one in the labyrinth of complex 
aberrations which a compound telescope of the type previously 
described can present. 


*One can try to correct the astigmatism of the objective by inclining a 
single intercalary lens, in such a way as to introduce an astigmatism of opposite 
sense ; or again by interposing a cylindrical lens of very weak curvature. These 
proceedings are very delicate. 
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The construction of the telescope ought to include that of suitable 
means of adjusting the different parts: various screws and keys in 
groups of three acting upon the inclination and the centering on the 
optic axis of each element. A good rigidity of all will be indis- 
pensable, for it is necessary to insist upon the extreme delicacy of the 
adjustment of telescopes provided with objectives of very short focus 
and especially of additional correcting lenses. Otherwise one will be 
subjected to the necessity of recommencing the tedious work of 
adjustment almost daily. 

One will be assured of the perfect correction of all the asymmetric 
aberrations when all the reflections observed in the telescope when 
the eye is placed upon the optic axis are exactly concentric and 
situated well at the centre of the lenses. (Fig. 1 and the Table.) 

Oculars. The images should naturally be observed by means of 
good oculars. One can procure old opera glass oculars having a focal 
length of the order of 20 mm.; they have a large field generally free 
from deformations. 

One can also construct weak oculars a little less perfect in 
assembling, with convex surfaces facing each other, two plano-convex 
lenses of small curvature, according to known formulas. 

Good strong oculars of very short focus are constructed by 
assembling, with convex surfaces facing each other, two plano-convex 
scope, which one buys set in a bronze disc. One obtains thus oculars 
of focal lengths 6 to 10 mm. 

Finally, an ocular still more powerful, having a focus of 2 to 3 
mm. may be formed by an ocular of the preceding type and a small 
achromatic diverging lens, mounted in the place of the usual converg- 
ing field lens of the ocular. 

Practical Results Obtained. We close this short study by indi- 
cating some models realized and some results of observation obtained. 

The long-focus lenses of meniscus form, utilized just as they are, 
have permitted the construction of small telescopes of apertures from 
38 to 45 mm.; also there were constructed good terrestrial telescopes 
provided with a means to set them up, making use of prisms held 
together in a solid manner by means of tubes of duralumin and 
mounted upon a partly folding base. 
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Fig. 1—Illustrations of principal aberrations. Re-drawn by 
R. J. Northcott. (For explanations see Table opposite.) 
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TABLE OF PRINCIPAL ABERRATIONS 


(See Fig. 1) 
No. Name Cause Remedy 

1 | Coma. Inclination of objective | Work upon the inclination of the 

to axis. objective, according to the re- 
flections. 

2 | Photographic Objective calculated for Interpose a simple diverging flint 

achromatism. photography. lens. 

3 | Spherical aberration Interpose a correcting system. 

(positive). Objective calculated for 
— a use in a compound 
4 | Spherical aberration system. (a) The system below; or 
(negative). (b) Separate the two lenses; or 
(c) Combine the objective with a 
similar one turned in the 
opposite sense. 

5 | Simple astigmatism. (a) Inclination of one of | (a) Examine the inclined lens; or 
the lenses of the | (b) Incline an interposed simple 
system; or lens; or 

(b) Tensions (sometimes).|} (c) Interpose a cylindrical lens. 

6 | Astigmatism and Combination of the two | Correct them separately. 

spherical aberrations. preceding. 

7 | False coma; in reality | Anterior lens is inclined | Bring together the two lenses on 

astigmatism. to posterior lens of ob- the side indicated by the point 
jective the latter being of the tuft. 
correctly oriented. 
8 | Complex astigma- The interposed simple | Rotate through a suita ble angle 
tism. lens is not inclined in the tube carrying this lens. 
the proper sense (see Work equally upon its incli- 
o. 5). nation and upon that of the 
objective. 

9 | Image spectrally (a) Lateral sliding of one | (a) Slide the anterior lens in the 

coloured. one of the lenses of sense where the redis seen; or 
the objective; or (b) Displace the ocular laterally 
(b) Eccentricity of the in the sense where the red 

interposed single lens. is seen. 

10 | Perfect image. Abberations zero or Take note of 


exactly corrected. 


(1) The circular form of the 
extra-focal images. 

(2) Their similarity inside and 
outside the focus. 

(3) The absence or the weakness 
of the rings about the false 
diffraction disc. 

(4) The characteristic colorations 
of the extra-focal images; 
the secondary spectrum with 
a violet tinge slightly visible, 
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The lenses of short focus have permitted us to make many experi- 
ments and observations; the time has sometimes lacked, as also the 
tools, to construct these delicate telescopes with the necessary finish. 

An objective of 53 mm. dia- 
phragmed to 43 mm., and with a 
focal length of only 18 cm., well 
corrected, has allowed the divid- 
ing of Castor, the detection of the 
changing aspect of the bands of 
Jupiter (Fig. 2), and even of the 
shadow of the globe of Saturn 
upon the ring and the distinct 
passage of the latter in front of 
the globe. (Fig. 3) 

Another objective of 53 mm. 
and focus 210 mm. used at full 
aperture, i.e., £/4 approx., has 
permitted the separation of the 
components of « Lyrae, ¢ com- 
pletely (3”.2), €, partially (2”.4). 3 
Both were corrected by separa- 
tion and by interposition of vari- 
ous media. 

An objective of 60 mm. and 
focal-length 25 cm., corrected by 
an intermediary diverging lens 
prolonging the focal distance 
(which was equivalent to above 4 
metres), permitted one to see re: 
lines of a great fineness in the diaphragmed to 43 mm. 
sun-spots and a profusion of 4 4—Mars seen with spectacle 
details upon the moon. The 
irregularities in the bands of Jupiter were very apparent. 

We recall to memory experiments made with the glasses of 
spectacles ; a glass of 2 m. of focus, carefully chosen, permitted partial 
separation of Castor and the clear observation of the southern cap and a 
Syrtis Major of Mars when in opposition. (Fig. 4) a 
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Finally, two much more powerful telescopes were constructed. 
An objective, an old front lens of Petzval, of aperture 130 mm. and 
focal length 80 cm., was partially corrected by the same procedure 
and mounted in complete fashion with equatorial foot ; the resulting 
focus is of 1.6 m. By reason of a residual spherical aberration and 
small defects in the grinding, the results obtained are almost those of 
one 95 mm., or perhaps of one 108 mm.; nevertheless this telescope 
permitted the complete separation of ¢ Boétis (1".08), and partially 
¢ Cancri AB (0”.75) and also to observe the fine crevasses of the 
region of Gassendi upon the moon. 

Excellent results have been obtained, in the last place, with a 
Petzval objective of Mark “Francais”, bought complete, with astro- 
graphic observations in view, of 156 mm. clear aperture.* The front 
element only, of 1.20 m. focus, was separated, mounted in a sheet- 
iron tube and corrected for a quite notable spherical aberration, by 
the addition in the neighbourhood of the focus, of an afocal correcting 
system of two lenses, which has also for its aim to complete the 
achromatism. In spite of a somewhat reduced field, in proportion to 
the strong curvature of the lenses employed, this telescope, so short 
and light, permits of observations which are certainly those of an 
ordinary telescope of this aperture. The stars of mean brightness 
presented themselves as a small very white disc with a diameter of a 
little less than 1”, surrounded by a faint whitish ring with a very 
small deep red halo and with an ordinary dark blue-violet halo. But 
if one allows to exist a very weak spherical aberration, produced by 
displacing very slightly the correcting system, the little disc is reduced 
again, its diameter being not more than about 0”.6, and it is sur- 
rounded by two faint reddish haloes and a red halo a little more 
developed. 

In these conditions the images present a very great clearness 
which is hardly troubled by the red of the secondary spectrum; the 
colours of the objects are remarkably preserved. 

The companion of y Andromedae appears strongly lengthened : 
the partial separation of this very close star (0”.5), has thus been able 
to be effected. The star ¢ Cancri (0".75) was entirely separated ; 


*This beautiful objective was bought for 650 fr. from Aubignat, boulevard 
Filles-du-Calvaire. 
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the phenomena of the secondary spectrum are not developed to the 
point of being troublesome. 


The observation of Saturn, on very calm nights, has allowed one 
to distinguish clearly in the ansae of the ring the Encke division and 
the fringed ring bordering Cassini’s division and to see the interior 
crape ring complete. (Fig. 5) 

Elegant views of the magnificent globe of Jupiter and of Mars, 
rapidly decreasing, (in fig. 5 d = 7”.8) were obtained. The discs of 
Neptune and Ceres were perceptible. 


Fig. 5—Saturn, showing (in the ansae) the 
Encke division, the fringed ring bordering 
Cassini’s division, and the crape ring. 

In the corner is a view of Mars when its 


diameter was 7’’.8. 


Finally, in spite of the loss of light in this telescope of four distinct 
lenses, the nebulae of Lyra, of Vulpecula, of Scutum Sobieski offer 
a beautiful spectacle, as also the cluster of Hercules all sparkling with 
stars, the great nebula in Orion displaying its diaphanous cloak and 
the nebula Andromeda escorted by its two milky satellites. 

Conclusion. We have in some degree dwelt upon the results of 
this original telescope only to show completely what one can do with 
second-hand commercial lenses of short focus. The rule commonly 
assumed as demanding a focal length at least twelve times as great as 
the diameter of the objective is justified only for practical reasons. 
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The correction of the aberrations becomes more and more delicate, 
the secondary spectrum is accentuated, the useful field is reduced, 
according as the aperture is augmented. But we have, however, 
obtained excellent results with apertures of 1/7.5, and made good 
se observations with the exceptional aperture of 1/4, which demanded 
always tedious and daily adjustment. 

os There is then, we believe, a mine which deserves to be worked by 
the amateur who does not wish to purchase a costly instrument or to 
initiate himself into the art of grinding parabolic mirrors. 
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AN INVESTIGATION OF THE ACCURACY OF 
METEOR RADIANTS 


By R. A. McINTosH 


NE of the earliest results of the Harvard Observatory’s 

Arizona Meteor Expedition was the publication by Dr. 
Opik of a statistical method of testing the reality of meteor 
radiants.! Some 22,000 meteors observed by the expedition yielded 
upon the first inspection of the charts a total of 2,000 intersections 
indicating possible centres of radiation. This ‘‘working list’’ was 
tested by criteria of independence, concentration, etc., evolved by 
Dr. Opik, to form a normal catalogue of 856 radiants. These, upon 
further tests for the expected number of spurious radiants and 
the resolving power, dwindled to a total of 223 radiants regarded 
as authentic. 

It thus required no less than 100 meteors to produce one 
satisfactory radiant, a ratio so much greater than that found in 
lists not statistically analysed (about 10 meteors to the radiant) 
as to cast serious doubts upon the authenticity of the many 
hundreds of radiants deduced solely from chart inspections. 

Opik himself remarks: “In the past, group radiants have been 
derived from observations somewhat too freely. The majority of 
radiants published by various observers are probably only accidental 
configurations (the italics are mine); Maltzev’s experiments, as 
well as the results of the present investigation, seem to demonstrate 
this fact definitely. We do not wish to imply that the former work 
on radiants is futile; by applying the methods given below, it will 
be possible to study the reality of published radiants and select all 
that is precious in the lists.” 

The fourth report of the Meteor Section of the New Zealand 
Astronomical Society is now being published, in which, as the 
result of twelve years’ work, our thousandth southern hemisphere 
meteor radiant has been determined. If only 500 of these radiants 
were regarded as real, it would perhaps be possible to read Dr. 
Opik’s words with some degree of equanimity, but the mathe- 
matical criteria he has devised have not been applied to any of 
our radiants and therefore in his eyes, and probably also in the 


\Harvard College Observatory, Circular no. 388. 
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eyes of those who have no practical experience of the investigation 
of radiants, they must consist mainly of worthless accidental 
configurations. 

In a letter published by Dr. Olivier in Popular Astronomy,* 
Dr. Opik has expressed the wish that a suitable set of visual 
observations should be examined by his method. Deciding that 
the most convincing proof of the accuracy of the New Zealand 
meteor work lay in the acceptance of this suggestion, I have 
accordingly statistically examined the reality of a set of radiants 
observed in New Zealand and the result has been to confirm my 
previous belief in the value of the work being performed by the 
amateur meteor observer. 

The data used for this purpose were selected at random, the 


’ only requirement made being the presence of a rich shower and a 


large total of meteors. The first suitable records to come to my 
hand were for the night of 1930, May 5, when a watch was carried 
out from 2" 45™ to 5" 25™, N.Z.M.T. The horary rate was 27, 
and 72 meteors were seen. 

The radiants deduced were published in the second report of 
the Meteor Section*® and were as follows: 


TABLE 
Radiant Radiant 

No. G.M.T. R.A. Dec. n Wt. L Name 

325 1930 May 4.69 271°0 -—29°0 3 F 312°6 Ser 

326 302.3 -21.5 6 G —Cap 

327 322.0 -16.0 3 F 6 Cap 

328 324.0 -—-4.5 6 G a Aqr (1statn) 
329 326.0 -35.0 3 F vy PsA 

330 336.5 1.5 36 G Aaqr 


At first sight this appears a particularly unfortunate selection 
from which to defend the accuracy of visual work, for it includes 
no less than three radiants based upon only three meteor paths. 

The observations can be regarded as free from conscious bias. 
The only radiant expected to be active on that date was the 
annual Eta Aquarid shower. Maps were accordingly selected 


*Popular Astronomy, v. 47, p. 265, 1939. 
3Trans. N.Z. Inst., v. 63, p. 446, 1934. 
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surrounding that radiant, but attention was not confined to the 
radiant area alone. No less than five maps, covering some 8,000 
square degrees, were used. 

Although the approximate position of the Eta Aquarid radiant 
was known, it would have been impossible for the observer to 
have been aware of its exact position (the radiant being in daily 
motion) without prior investigation of records, which certainly 
was not undertaken. The minor radiants could not have been 
expected, for at that date there was no published list of the minor 
radiants active in the southern hemisphere. Finally, as the work 
progressed, no attempt was made to gauge more than the con- 
stellations in which the minor activity was manifesting itself. 

A total of 72 meteors was seen that night, but four of these 
were recorded only by magnitudes, for purposes of rate determina- 
tions. Their paths were not drawn because they were only glimpsed 
and no lasting impression of even their approximate directions was 
gained; they were not rejected, as Dr. Opik suggests must some- 
times happen, “‘because they did not agree with the observer's 
expectation.’ Therefore, these data, meeting all Opik’s require- 
ments, seem suitable for statistical analysis. 

In the first place it must be noted that Opik’s statistical method 
is based upon the probable error inherent in the observation of 
the short-lived phenomenon of the meteor. From 635 meteors 
doubly observed Opik found differences in angle of two sim- 
ultaneous trails of the same meteor corresponding to a probable 
error of +8.4 degrees for one observer. This was confirmed by 
a study of the frequency function of AA of 2,300 meteors, from 
well-known radiants where a probable error of +8.0 degrees was 
determined; AA is here defined as ‘“‘the angle between the meteor 
trail and the great circle joining the supposed radiant with the be- 
ginning of the trail.” 

It becomes necessary at the outset to attempt to determine 
whether the New Zealand data are of a standard similar to that 
of the Harvard material or conform to the higher degree of accuracy 
shown by other visual meteor workers in recent papers. Perhaps 
the best indication comes from an examination of the frequency 
of observed deviations. The measured deviations of all the meteors 
recorded on that night which, regardless of radiant, passed within 
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36 degrees of the principal radiant are shown by the curve in 
figure 1. 

The graph reveals that the spread of meteors about the principal 
radiant (the Eta Aquarids) was six degrees and that the ragged 
distribution beyond that point can be regarded as being due to 
the presence of sporadic meteors or those from other radiants 
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Aa 3° 6° 9° 12° 15° 18° 24° 27° 30° 33° 36° 
Figure 1—Visual meteor rates of the Leonid meteors as observed 
at the Dominion Observatory, Ottawa. 


(what Opik terms the ‘‘background’’). By setting the limit of 
Aquarid deviation at £9 degrees, beyond the limit indicated by 
the graph, it is found that the probable error is +1.7 degrees, and 
this is confirmed by the observed distribution of frequencies, 
approximately half the meteors (19) being between 0 degree and 
1 degree and half (17) between 1.1 degree and 9 degrees. 

If, however, the limit of 36 degrees set by Opik were used the 
probable error of an average path determination would become 
+8.1 degrees, in close agreement with the Harvard value. There 
is a very serious objection to such treatment, however, in that all 
but two of the meteors which would be included in the wider 
limit of the table of deviations will be shown later to have deviations 
of S 3 degrees to minor radiants shown to be statistically authentic 
by Opik’s own formulae and also confirmed by radiants determined 
on other dates. 

An independent estimation of the accuracy of the determina- 
tions of the radiants of rich showers confirming that already found 
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from the frequency table can be secured from my ephemeris of 
the Eta Aquarid shower.‘ That paper was based on all Eta Aquarid 
radiants observed by New Zealand observers in all stages of 
proficiency. By correcting the apparent radiants for the earth’s 
orbital motion, these radiants were all referred to the one point 
in space, which was the weighted mean of the whole data. 
Residuals between the observed and mean places were given for 
27 radiants. As the radiants were within a few degrees on either 
side of the equator residuals in longitude could be grouped with 
those in latitude without correction. The average of the 54 
residuals computed from that data is found to be 0.46 degrees. 

Having found that the probable error in my data is probably 
much less than was assumed as normal by Opik, it becomes neces- 
sary slightly to modify the treatment outlined in his paper, which 
is based upon a probable error of +8 degrees. I therefore decided 
to test the validity of my radiant deductions with three different 
limits: 

(1) Limit £3 degrees (twice the New Zealand probable error 

(Opik recommends 21%4 to 3 times the probable error); 

(2) Limit S 9 degrees (half the limit set by Opik); 

(3) Limit S 18 degrees (Opik’s choice). 

The 68 plotted meteors were referred to the Eta Aquarid 
radiant (the principal radiant on the charts) by measuring within 
an accuracy of 1 degree the deviations between their plotted paths 
and the adopted radiant-point, termed AA by Opik. This treatment 
gave the following frequency table: 


TABLE II 
AA 0°-6° 7°-12° 13°-18° 19°-24° 25°-30° 31°-36° >36° 
All meteors 
referred to 
Aquarid radiant.. 35 3 4 0 3 3 19 
Excluding those 
definitely from 


minor radiants... 35 3 2 0 0 0 6 
Originally classed 
as Aquarids..... 35 0 0 0 0 0 0 


The next step was to exclude as Aquarids those meteors falling 
within the three selected limits and to determine AA for the 


4Monthly Notices, R.A.S., v. 95, p. 601, 1935. 
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remaining meteors in relation to the six minor radiants indicated 
on the maps, the procedure followed being exactly that described 
by Opik in his paper. 

The formulae were then used to calculate the independent 
concentrations (Cy) of these radiants, the probable number of 
physical members (m) and the purity of the radiant (vo). 

The following table shows the results of these computations: 


TABLE III 
=3° 18° 
No. G no Vo Co no Vo CG no Vo 
325 4:0 4 1.0 3.8:3.3 06 0.16 4.3:1.2 4 0.85 
326 6:2 5 10 9:2 9 0.74 11:2 12 0.95 
326a 3:2 1 0.39 5.04: 5 0.5 0.09 3.50:3.05 0.6 0.15 
327 2:1 1 058 4.26 : 2 3 0.62 3.20:1.15 3 0.74 
328 5:2 4 0.70 7.26 : 2 7 0.85 5.25:1.20 5 0.90 
329 3:0 3 1.0 4:1 4 0.88 3.05:2.15 1 0.30 
*330 32:3 39 1.0 36:7 39 «0.94 42:6 48 1.0 
Rejected 326a 325, 326a 326a, 329 


*Principal radiant (Eta Aquarids). 


Attention may be drawn to some of the more important results 
of these computations. Using a limit of exclusion in conformity 
with the probable error of the data (the first group), the only 
radiant excluded is No. 326a, which was also rejected as fictitious 
in my original publication of the radiants found on the charts. 
The other published radiants are confirmed, four of them having 
the maximum purity and the other two purities of 0.7 and 0.6, 
the latter being indicated as weak in my original publication. 
The analysis therefore has done nothing but confirm my original 
deductions in every particular. 

Examining the second group, we find that the weak radiant 
(327) has strangely become a little stronger, in spite of the limit 
of exclusion being trebled. Radiant 325, which had the maximum 
purity in the first group, must now be rejected on account of its 
low purity. 

Turning finally to the third group, we find that radiant 327 
has gained in strength from purity 0.6 to 0.74, moving it from 
the weak class into the strong. Radiant 325 provides its second 
surprise. Of maximum purity in the first group, and rejected as 
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fictitious in the second, it has now become again a well-authenti- 
cated radiant with a purity of 0.85. Radiant 329, however, of 
undoubted authenticity in the first two groups, has now deterior- 
ated to such an extent that its rejection is called for. 

While noting the strange variations that can occur dependent 
upon the limit of exclusion adopted, the primary purpose of this 
investigation was to determine the authenticity of the published 
radiants. This is satisfactorily achieved. With a limit of exclusion 
consistent with the probable error (group one) all my published 
radiants are confirmed, as is also the fictitious nature of no. 326a, 
and its previous rejection justified. 

Even when we adopt the wider limit set by Opik (third group), 
only one out of six published radiants can be termed erroneous. 
Where then, so far as the 1,021 New Zealand radiants are con- 
cerned, is the justification for the belief that the majority are 
probably only accidental configurations? 

I have not carried my computations to the further stages 
indicated by Opik, notably the determination of the expected 
number of spurious radiants (e) and the resolving power (r). 
These are based, with certain arbitrary assumptions, upon a 
probable error of 8 degrees in the observation of a meteor. 

The present investigation has demonstrated to me that a 
statistical analysis can never be the sole criterion of reality of 
radiant deductions, for there are factors in the deduction of 
radiants which mathematical formulae can not cope with. Briefly 
put, they are experience on the part of the investigator and the 
recurrence of meteor showers. 

Experience tells the meteor worker that a certain meteor could 
not have emanated from a specific radiant, although apparently 
directed from it, while the laws of perspective act as a rough 
indication of radiation, the length of visible path being in direct 
proportion to the meteor’s elongation from the radiant. Neither 
of these factors are taken into account in Opik’s statistical analysis, 
which is based solely upon direction of flight. 

Take, for example, a meteor with a path length of 10 degrees 
beginning exactly at a radiant. No radiant investigator would 
ever consider such a meteor as emanating from that particular 
radiant, yet it would have AA of 0° and be used in every stage 
of the statistical analysis. 
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While such instances are infrequently met with in practice, a 
close approach to it occurs in the charts under consideration. A 
meteor with a path length of 10 degrees had an elongation of 10 
degrees from the doubtful (and rejected) radiant 326a. The 
experienced investigator would look for its true radiant some 30 
or 40 degrees behind the radiant in question. Yet its AA is 3 
degrees for radiant 326a and 29 degrees for the adjacent radiant 
326, and it would have to be used throughout the statistical 
treatment to weaken two radiants with which it had no physical 
connection. 

Taking the matter a stage further, we find a meteor on the 
same chart having AA of 1 degree to radiant 327 and of 6 degrees 
to radiant 326. There is nothing in Opik’s formulae to assist in 
assigning it to its true (physical, not statistical) radiant, but the 
investigator knows from a glance at its short path length that it 
is far more likely to have emanated from the nearer radiant (no. 
327). 

The recurrence of a radiant on adjacent days, on the maps of 
other observers, or again in later years about the same date, is a 
most satisfactory guide to the authenticity of a deduced radiant, 
and one of which Opik’s formulae take no account, resulting (in 
an example mentioned by him) in a radiant of the well-known 
Delta Aquarid stream failing to pass the tests for authenticity. 

Of the 1,021 radiants deduced from the New Zealand records 
no less than 855 (or 83%) have already been found to fit into 
groups of radiants the authenticity of which is thus indicated. 

An analysis of the five minor radiants under discussion from 
the viewpoint of repetition on other dates follows: 


No. G.M.T. R.A. Dec. n° 
*325 1930 May 4.69 271°0 —29°.0 
317 1930 May 2.69 270.5 -—27.0 


3 Mean Aa 0°.33 
2 

331 1929 May 5.69 272.0 -27.3 8 
5 
3 


Confirmatory radiant 


339 1930 May 6.69 272.0 .0 
364 1929 May 8.69 273.0 .0 


*326 1930 May 4.69 302.3 —21.5 6 MeanAa 2°.1 
(No confirmatory radiants) 


(*denotes the minor radiant discussed in this paper). 


| 
he 
. 
4 
| 
€ 
“ 
| 
; 
7 


An Investigation of the Accuracy of Meteor Radiants 381 


*327 1930 May 4.69 322.0 -—16.0 
662 1932 May4-5 325.0 —15.0 
332 1929 May 5.69 326.0 —17 .5 
342 1930 May 6.69 326.0 —16.5 
349 1930 May 7.68 324.5 -—15.0 
887 1935 May7-8 325.0 —19.0 


Mean Aa 1°.33 
Confirmatory radiant 


*328 1930 May 4.69 324.0 -—4.5 Mean 4a 1°.8 
— 1870 Apl. 30 325 -—3 Denning 258, 3. Confirmatory 
— 1933 May1.93 319.9 -—0.8 Tashkent 141. 
— 1870 May 2-3 325 —2 Denning 258, 8. 


343 1930 May 6.69 327.0 -—2.5 
350 1930 May 7.68 329.0 —1 .0 
360 1930 May 8.67 330.0 —1.0 


Confirmatory radiant 
‘ 
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*329 +1930 May 4.69 326°.0 -35°0 3 MeandAa 0°.0 
333 1929 May 5.69 327.4 -—35 0 6 Confirmatory radiant 
336 1930 May 5.69 327.0 -—33.0 2/3 
341 1930 May 6.69 325.5 -34.5 4/5 
668a 1932 May 6.69 325 .0 
0 


676 1932 May 8.68 323 . —34.0 6 


In making these comparisons it must be borne in mind that 
the expected motion of a radiant point arising from the Earth’s 
orbital motion should result in increasing right ascension with 
increasing date while the declination suffers little change. Therefore 
a radiant observed on a date say four days later than the radiant 
under discussion and having a right ascension three or four degrees 
greater would be a better confirmation than one whose right 
ascension was identical. Actually several of the above groups, 
notably those used in reference to radiants 325 and 328, show 
daily motion approximately in agreement with theory. 

The principal radiant on the charts, the Eta Aquarids, is a 
rich annual shower in the southern hemisphere and is known to 
be in daily motion. It can therefore properly be compared only 
with other Aquarid radiants falling on the same date for con- 
firmatory purposes. 


No. G.M.T. R.A. Dec. n 

*330 1930 May 4.69 336°5 36 MeandAa 1°.74 
648 1932 May 4.65 337.5 -—2.0 34 Confirmatory radiant 
651 1932 May 4.67 336.5 —1.0 7 


(*denotes the minor radiant discussed in this paper). 
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While the observation and deduction of meteor radiants is left 
mainly to amateur efforts, it is not advisable to hamper and 
prolong the already arduous work of publication by the intro- 
duction of complicated analyses and mathematical procedure if it 
can be shown that the amateur is already producing reliable data 
without the aid of such formulae, and I think the fact that he is 
doing so has been amply demonstrated in recent papers. If a 
simple, readily-available criterion similar to that provided by 
Maltzev’s experiment® was available it would be of inestimable 
value in radiant deduction, but in the meantime it appears that 
the error involved in visual work is not as great as might reasonably 
be expected from the short-lived nature of the meteor’s flight. 


SUMMARY 


The publication of a statistical analysis of the meteor radiants 
observed by the Harvard Meteor Expedition focussed attention 
upon the errors inherent in meteor observing and radiant deduction, 
which were indicated to be much larger than had been believed 
previously. 

The formulae of the statistical analysis were based upon the 
belief that observational errors of +8 degrees found in the Harvard 
data were normal, while many arbitrary assumptions were neces- 
sary. 

Recent papers have revealed that such errors are not common 
to other meteor workers. 

A set of New Zealand meteor records is examined along the 
lines suggested by Opik, and it is found that the published deduc- 
tions are confirmed. 

The statistical method fails in its objective of setting a standard 
upon which all future radiant determinations should be made, 
because it is based upon observations having an error considerably 
greater than normal, contains arbitrary assumptions, takes no 
account of the two most important factors in radiant determination 
(experience and coincidence), and involves a tremendous amount 
of calculation merely to prove that visual radiant deductions 
already made are correct, involving too great a drain upon the 
amateur worker in the time available for the examination of 
radiants. 


Private Observatory, 1 Melford Street, Auckland W.1, 
New Zealand. 1940, March 6. 


5Astr. Nachr., v. 243, 1928. 


4 
4 
5 
i 
4 
q 
i 
q 
¢ 
~ 


AN OLD PORTABLE SUNDIAL 
By E. S. KEEPING 


S was mentioned in the brief report of a meeting of the Edmon- 

ton Centre on October 19th, 1939 (see this Journal, Feb. 1940, 

page 80), a portable brass sundial of the universal ring type was 

dug up recently in Southern Alberta and shown to the meeting. 

A fuller report on this find may be of interest to members of the 
Society. 

The dial bears the maker’s name ‘‘Schmalcalder, London,” but 
nodate. Itis certainly old, as such dials were common in the seven- 
teenth and eighteenth centuries, but largely disappeared when 
watches came into regular use. It folds up flat as though to fit 
a case, but the case has not been recovered. 

The dial was found near Priddis in Southern Alberta while the 
foundations were being dug for a new building. The brass is in 
excellent preservation and the graduations are as readable as when 
they were new. The screws are hand-chased, showing that the 
instrument dates from a time before the mass-production of screws. 

The principle is that of the equatorial sundial, in which the 
gnomon points to the celestial pole, and the plane of the graduated 
hour circle is perpendicular to it, so that the graduations are uni- 
formly spaced. The orientation of the dial thus depends on the 
latitude of the place. In the usual portable sundial (such as the 
museum pieces illustrated in the recent book ‘‘Sundials’”’ by R. N. 
Mayall and M. L. Mayall) the dial was hung from a ring held in 
the hand, the position of the ring being adjustable according to the 
latitude. However, no ring was found with this instrument, and 
there is no apparent means of adjusting it. A small hole is bored 
in the outer circle at exactly 45° from the pole, but the instrument 
could hardly have been suspended from this point for use as a 
sundial, since, apart from the fact that it would be correct only in 
latitude 45°, the hour graduations would then lie on the under face 
of the hour circle in an awkward position to read. 

The gnomon carries a small brass slider pierced with a small 
hole. The slider can be set in the proper position for any given 
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day, and stays in place by friction. On one face the gnomon is 
marked with the months, divided into sixths, and on the opposite 
face with the signs of the Zodiac and the declination of the Sun. 
With the slider set opposite the date and the equatorial ring 
opened out in a plane perpendicular to the gnomon, the dial is 
held in the hand out in the sunlight with the plane of the outer ring 
vertical, and is then turned until the image of the small hole in 


A portable sundial discovered in digging for a foundation 
in Southern Alberta. 


the slider falls just in the middle of the thin edge of the equatorial 
ring. This edge is marked with a double line on which the spot 
should fall. The graduation on the upper face of the ring cor- 
responding to the position of the spot gives local apparent time, 
which must of course be corrected to standard mean time. 

A plumb-line can be used in setting the outer ring in a vertical 
plane, although it seems probable that this was not the original 
intention. Possibly the ring was clamped at its lower edge by 
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some device in the containing box which is now lost. This outer 
ring is graduated on one side with a scale of degrees extending 
half way round the circle, and on the other side with a degree scale 
from 0° to 90° centering on the small hole previously mentioned, 
which lies at 45° on the first scale. The exact purpose of this gradu- 
ation is obscure. 

The accompanying photograph by Dr. E. H. Gowan gives an 
idea of the appearance of the instrument and of some of the gradu- 
ations. The slider with its hole, and the double line on the inner 
edge of the equatorial ring, show up quite well. 


Dep’t of Mathematics, 
University of Alberta, 
Edmonton, Alberta. 
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METEOR NEWS 


Observations relating to t and teorites are cordially invited. 


THE DETONATING DAYLIGHT FIREBALL OF JULY 20, 1939 


Nine days after the fall of the Dresden meteorite in Ontario 
last year the residents of southern British Columbia witnessed 
another very brilliant fireball which appeared shortly before sunset. 
Unfortunately, for various reasons, reports of this object could not 
be intensively followed up at that time. It wasn’t until some 
months later that I discovered that an excellent Kodachrome of 
the train of this meteor had been secured by the Rev. A. W. Ban- 
field of Toronto. About eighteen inches of 16 mm Kodachrome 
motion picture film were exposed very shortly after the meteor 
itself had disappeared. The following is quoted from Mr. Banfield’s 
report: 

On Thursday, July 20th, 1939, at about 7.15 p.m. P.S.T., I was seated in a 
boat facing the east on Six Mile Lake near Quesnel, in the Cariboo District of 
British Columbia. Suddenly a meteor appeared in the sky at a considerable 
distance above the horizon, and shortly after it exploded, emitting a bright red 
flash of light and leaving a large tear-shaped cloud of magnesium-white smoke. 
The meteor continued to fall out of the exploded gas, leaving behind it a short 
trail of the same colour which did not reach to the earth. 

The ball and tail-of smoke hung in the sky for nearly two hours before they 
broke apart. We heard no sound of the explosion but people living in a small 


village fifty miles south of Quesnel heard a terrific explosion that shook their 
frame houses. 

During the spectacle I held in my hand a 16 mm. motion picture camera 
loaded with a 100 foot reel of Kodachrome film, with the lens stop set at F/2.7 
and the camera set at 16 frames to the second. Within a minute after the meteor 
disappeared I turned the camera on the white cloud that remained and took a 
photograph. The atmosphere was clear and in the blue sky were a few small 
white clouds near the horizon. 

A. W. BANFIELD, F.R.G.S. 
932a Avenue Rd., Toronto. 
Nov. 17, 1939. 


To the best of my knowledge this is one of the first meteor train 
photographs taken with a motion picture camera running at normal 
speed, and the first such photograph secured in natural colour. 
Mr. Banfield is certainly to be congratulated upon his presence of 
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PLATE XVIII 


Photograph of a daylight fireball train taken in natural colour on 16 
mm. Kodachrome film by the Rev. A. W. Banfield of Toronto. 
exposure was made six miles west of Quesnel, B.C 


The 

>. at about 7.20 p.m. 

P.S.T., July 20, 1939, which was about an hour before sunset. It was 
taken in a direction roughly opposite the sun. 


On the original film the train is a brilliant white in a pale blue sky 
which shades to a yellowish tone near the bottom of the frame. 


The light 
dark clouds below are a deep brown-magenta with suggestions of pink on 
the upper edges. The general effect of the Kodachrome film is very pleas- 


clouds above the meteor train exhibit a very faint pinkish hue while the 
ing indeed and it is regretted that it could not be reproduced in full colour 
in the JourRNAL. 


Astronomical Society of Canada, 1940. 
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mind in securing it. He very kindly placed the film at my disposal 
for study and it forms an interesting and unique record. The 
white meteor train appears clearly on 58 frames which represent a 
time interval of 3.6 seconds. During this period no marked 
changes took place in the form of the train. The camera used was 
a Keystone 16 mm, equipped with a Wollensak F/1.5 Velostigmat 
lens of one inch focal length. Individual exposures were 0.018 
second in length. The 10th frame on which the trail appears has 
been reproduced in Plate XVIII. The bright elongated white spot 
at the centre of the frame marks the point where the meteor burst. 
Descending from this at an angle of 22 degrees to the vertical may 
be seen the remainder of the train, marked by two secondary con- 
densations which were probably left by smaller bursts (burst II 
and burst IIT). 

The actual width of the frame is 10.4 mm, representing a field 
23.0 degrees wide. Measurements made on the train are listed 
below: 


Total train length................. ° 
0.9° 
0.3° 
Distance, Burst I to Burst II......1.0° 
Distance, Burst I to Burst III... .. 2.0° 


Mr. Banfield was with his wife and daughter, Mrs. L. V. 
Batchelor, when the meteor appeared. All three observers were 
interviewed personally by the writer and asked to estimate the 
altitude of the bright burst with the aid of a small altimeter. A 
weighted mean of the results gave an altitude of 22 degrees for 
this point, the probable error in this value being about 2 degrees. 
None of the observers saw the meteor at the point of appearance 
but, from the general description of the event, this must have been 
at an altitude definitely greater than 30 degrees. The meteor 
itself was described by Mrs. Batchelor as being a brilliant white 
object about two-thirds the diameter of the moon in size. After 
the burst most of the luminosity of the meteor disappeared. The 
brighter parts of the train remained visible for well over an hour, 
becoming steadily more diffuse without much change of form or 
position. They drifted slightly to the right, or west, during this 
time. 
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Additional information concerning this meteor was found in the 
Vancouver Sun in the issues of July 21 and 22. The time was 
variously mentioned as after 7.00, 7.15, and 7.30 p.m. P.S.T. The 
best mean value seems to be about 7.20 p.m. P.S.T. with an un- 
certainty here of 10.minutes. The object was seen over an area 
roughly 300 miles in diameter, from Victoria and Nanaimo on 
Vancouver Island, east to Kelowna and Kamloops, B.C., and north 
to Quesnel. Most of the reports were fairly general in nature and 
of little assistance in solving the air path. There were a few, 
however, which were very helpful. Mr. T. P. Mackenzie at the 
Dominion Range Experimental Station in Kamloops made a tra- 
verse and stated that the meteor fell nearly perpendicularly at a 
position N 47 W. A surveyor at Williams Lake sighted the smoke 
puff as being over Chilco Lake. The Indians on the Alkali Lake 
reservation said the object had fallen west of the Fraser River. 
These three observations enable us to fix the general position of 
the lower part of the path as being over Riske Creek, B.C., at 
latitude 52° N., longitude 122°.5 W. This is about 70 miles almost 
due south of Six Mile Lake and gives an azimuth which is over 
30 degrees greater than the mean of the general directions indicated 
by Mr. Banfield and Mrs. Batchelor. Since they made no par- 
ticular note of the exact azimuth, except that it was in the general 
direction away from the sun, this discrepancy is quite allowable. 
The path cannot be moved further east without definitely contra- 
dicting the three additional observations quoted above. Assuming 
the brightest part of the train to be over Riske Creek, and the alti- 
tude of this burst as observed from Six Mile Lake to be 22 degrees, 
we obtain a height of 30 miles for the bright burst and 22 miles for 
the height of the lowest part of the photographed train. Assuming 
that the meteor fell vertically as seen from Kamloops the general 
position of the radiant was at altitude 60 degrees, azimuth 315 
degrees, corresponding roughly to right ascension 16.5 hours, 
declination 30 degrees north. This is a position a little over 50 
degrees from the antapex of the earth’s motion about the sun so 
that this meteor was overtaking the earth and probably entered the 
atmosphere slower than the average. 

Detonations were reported from several places near the sub- 
point at Riske Creek. At Williams Lake, 25 miles to the northeast, 
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there was an explosion in the sky followed by a rumbling noise like 
thunder which rattled the windows and lasted for nearly a minute. 
At Marguerite, 40 miles to the north, the explosion sounded like an 
automobile backfiring. Rattling windows were also reported from 
the town of Quesnel, though Mr. Banfield, only six miles away, 
noted no noise. At Riske Creek itself a cowboy was thrown from 
his horse when the animal became frightened by the flash and the 
explosion. 

From points in the Vancouver neighbourhood the meteor was 
generally described as dropping behind the mountains or falling 
into the sea. There is no specific mention of a burst or explosion 
as seen from this region but the white train was observed for an 
hour at Nanaimo, Vancouver Island, and was also seen from a boat 
near Bowen Island off Vancouver. It seems likely, therefore, that 
the meteor continued luminous to a fairly low altitude though it 
is hard to make any estimate because of the mountainous character 
of the west coast. 

According to the above conclusions the brightest part of the 
train was 75 miles from the camera. The actual dimensions of 
the cloud left by the bright burst were therefore: diameter, 0.4 
miles; length, 1.3 miles. The remainder of the train was about 
a quarter of a mile in diameter. According to a rough drawing 
made by Mr. Banfield this had increased to a value at least ten 
times as great an hour and a half later. The train probably lost 
its luminosity when it ceased to be illuminated by the sun which 
would occur at about 9.00 p.m. 

This is the type of meteor from which meteorite fragments quite 
frequently drop to the ground and these, if they fell, would be 
found in the neighbourhood of Riske Creek. Unfortunately, no 
reports of such finds have been received. 

In conclusion I would like to thank Mr. Banfield for his co- 
operation in making this very interesting photographic record 
available for study and for his assistance in securing copies of the 
Vancouver Sun. I would be very glad to hear from anyone else 
who made an observation of this meteor. 

P. M. M. 
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NOTES AND QUERIES 


Communications are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 


THE SOLAR ECLIPSE OF OCTOBER 1, 1940 


The path of totality of this eclipse was across the northern part 
of South America, the Atlantic ocean and the southern part of 
Africa. The duration of the total phase was about four minutes. 
A joint expedition went from the National Bureau of Standards 
and the National Geographic Society, Washington, D.C., to the 
elevated and dry region at Patos, some 150 miles north-west of 
Pernambuco, Brazil. The probabilities for a clear sky here were 
very high and some seven tons of equipment were transported 
and set up, but unfortunately clouds rendered the great preparations 
of no avail. However observations of the effect of the passing of 
the moon before the sun, upon radio waves, were made and these 
may be found of some value when the results have been determined. 

A party under Dr. C. H. Smiley of Brown University, which 
included Dr. Alice Farnsworth, of Mount Holyoke College, went 
to Curema, Brazil, a station much less accessible. Conditions there 
were not favourable, and although their films were all exposed it 
is feared that they will be of little value. 

Of three expeditions to South Africa two experienced cloudy 
skies. The third, from the Cruft Laboratory of Harvard Uni- 
versity, made successful observations on electric waves and also 
obtained some photographs. 


SCIENCE IN THE ARGENTINE REPUBLIC 


About two years ago there was in this JOURNAL a reference to 
the excellent work of Rev. Ignacio Puig, S.J., Director of the 
Observatory of San Miguel, not far from the great city of Buenos 
Aires. Further publications (in Spanish) have been received from 
Father Puig, which exhibit his versatility and great activity in the 
dissemination of a knowledge of modern scientific achievements. 
A 43-page pamphlet on ‘The Age of the Earth’’, dated March 24, 
1940, contains a discussion of the researches of geologists and physi- 
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cists during the last hundred years. These include calculations 
based on observations of radioactivity. There is also a chapter on 
the book of Genesis and the age of the earth. 

Another publication is entitled ‘‘Slow Movements of the Earth’’. 
It contains 68 pages and is dated July 9, 1940. For the preparation 
of this essay much time and wide reading must have been required. 
The chapters are devoted to a discussion of the motions of the 
celestial poles, irregularities in the terrestrial rotation, the variation 
of latitude, tides in the earth’s crust, the movement of mountains 
and of the land of the Argentine, the drift of continents and the 
variation of longitude. 

Volumes V and VI of “Actualidades Cientificas’’ contain a 
reprint of fifty articles contributed to the daily newspaper E/ Pueblo 
of Buenos Aires, in the interval October 1938 to September 1939. 
These deal with a wide variety of subjects in physics, chemistry, 
meteorology and astronomy. Father Puig seems to be quite at 
home in these various fields and he is to be commended for his 
efforts to spread abroad a knowledge of modern science. He is 
vigorously advocating a stratosphere balloon ascension in the 
Argentine Republic and publishes an account of all such ascensions 
up to the present. CAC, 


A SUMMER THUNDER-STORM 


The time: Tuesday, July 28, 1857. The place: on the shore of 
Chamberlain Lake in north Maine. The writer: Henry David 
Thoreau. 

As we lay huddled together under the tent, which leaked consider- 
ably about the sides, with our baggage at our feet, we listened to some 
of the grandest thunder which I ever heard,—rapid peals, round and 
plump, bang, bang, bang, in succession, like artillery from some 
fortress in the sky; and the lightning was proportionally brilliant. 
The Indian said, “It must be good powder.” All for the benefit of 
the moose and us, echoing far over the concealed lakes. I thought 
it must be a place which the thunder loved, where the lightning prac- 
tised to keep its hand in, and it would do no harm to shatter a few 
pines. What had become of the ephemerz and devil’s-needles then? 
Were they prudent enough to seek harbour before the storm? Per- 
haps their motions might guide the voyageur. A. & 
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MEETINGS OF THE SOCIETY 


AT OTTAWA 


February 15, 1940.—A joint meeting of the R.A.S.C., Ottawa Centre, and 
the Ottawa Field Naturalist Club was held in the library of St. Patrick’s 
College. Mr. Groh, past president of the O.F.N. Club, presided, and introduced 
the speaker of the evening, Mr. Malcolm M. Thomson, secretary of the local 
centre of the R.A.S.C., whose topic was “Meteors”. 

The word meteor is of Greek origin and was originally intended to signify 
phenomena pertaining to the air. Records of showers and of actual falls of 
meteoric matter have been made from very early times. For some time now, 
we have been familiar with the relation between meteors and comets. Research 
has shown that larger numbers of meteors are to be seen in the second half of 
the night and in the second half of the year. This corroborates the known 
motions of the earth on its axis and through space. Apparently inter-stellar 
space is filled with debris of varying size. Visual and photographic observations 
of meteors provide information on phenomena of the upper atmosphere besides 
supplying information as to the speed and composition of meteors and the size 
and nature of periodic showers. Further information such as the age and 
composition of these celestial visitors is available from the study of particles 
that have actually penetrated through to the surface of the earth and been 
recovered. There are craters on the earth of meteoric origin which bear a 
marked resemblance to lunar craters, though no positive conclusion can be 
drawn as to the origin of lunar craters from this alone. A description of local 
observations was given. The example of the Dresden fall of the previous 
July illustrated the need for careful observation. The benefit to the amateur 
observer is the knowledge that his efforts are scientifically useful and that 
having become acquainted with the stars, he would have them as his friends 
for life. 

At the close of the meeting, three telescopes were set up on the front 
steps of the college. The evening was clear, and interested observers remained 
for almost an hour. 

March 2, 1940.—On Saturday, March 2, members and friends of the 
Ottawa centre of the R.A.S.C. were invited to come to the Dominion Observa- 
tory for the express purpose of viewing the planets before the general public 
should arrive. Cloudy weather prevailed. In spite of this, at the suggested 
hour of six-thirty p.m., there was quite a gathering at the door of the 
Observatory. Through the courtesy of some of the staff members who had 
come prepared for just such an emergency, the crowd was brought in and 
shown things of interest in the building in addition to pictures of the planets 
as they might have been seen had it been clear. There was no formal gather- 
ing of the members of the centre on this occasion. 

M. M. TuHomson, Secretary. 
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Councii—L. Hopkins; Miss K. Lancwortay; A. Pa.D.; O. M. PRENTICE; JAMES 
Smita; W. A. Torn; A. H. Younc; and "Past Presidents G. Guaw and H. Boyp BRYDON. 


HAMILTON CENTRE 


Honorary Presidenti—W.T. GopDARD President—N.H. BROADHEAD 

Vice-President—REVv. E. F. MAUNSELL Curator—T. H. WINGHAM 

Secretary-Treasurer—H. B. Fox, 257 Balmoral aoe N. 

Council—Dr. WM. FINDLAyY; Dr. A. E. a, Marsu, M.P.; Geo. E. CAMpBELt, M.A.; 
E. E. Bossence; ¥. H. ButcHER, STEWART. 


VANCOUVER CENTRE 
Honorary J. A. PEARCE President—C. A. MCDonatp 
Vice-President—Dr. A. M. CROOKER 
Corresponding C. Mann, University of British Columbia 
Recording Secretary— SMITH reasurer— Mrs. LAURA ANDERSON 
Council—C. C. A. Rocers; E. C. Turupp; F. R. Stewart; A. Outram; Dr. R. 
Hutt; C. E. BASTIN; N. D. B. Pai.irps 


EDMONTON CENTRE 


Honorary Presideni—Dr. J. W. CAMPBELL President—Joun BLUE 
Vice-President—H. B. DouGuty Secretary—Dr. E. H. GowAN 
Treasurer—E. N. HIGINBOTHAM Librarian—Dr. E. S. KEEPING 


Council—W. O. Counman; Mrs. J. A. Crarxg; C. G. Wares; W. A. McAuray; C. P. 
WILLOUGHBY 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 
1890-1940 


This year marks the completion of the first fifty years of the corporate 
existence of our Society. The Society was incorporated in 1890 under the name 
of The Astronomical and Physical Society of Toronto, and assumed its present 
name in 1903. 

For many years the Toronto organization existed alone, but now the Society 
is national in extent, having active Centres in Montreal, P.Q.; Ottawa, Toronto, 
Hamilton and London, Ont.; Winnipeg, Man.; Edmonton, Alta.; Vancouver 
and Victoria, B.C. As well as about 700 members of these Canadian Centres, 
there are over 200 members not attached to any Centre, mostly resident in 
other nations, while some 300 additional institutions or persons are on the 
regular mailing list for our publications. 

The Society publishes a monthly JourNat containing about 500 pages and 
a yearly Oxsserver’s Hanpsoox of 80 pages. Single copies of the JourNAL or 
Hanpsoox are 25 cents, postpaid. In quantities of 10 or more copies, the price 
is 20 cents a copy. 

Membership is open to anyone interested in astronomy. Annual dues, 
$2.00; life membership, $25.00. Publications are sent free to all members or 
may be subscribed for separately. Applications for membership or publications 
may be made to the General Secretary, 198 College St., Toronto. 


The year 1940 also marks the hundredth anniversary of the founding in 
Toronto of the first Observatory (magnetic) in Canada. This was one of the 
first magnetic observatories in the world and became the nucleus of observatory 
development in Canada. 


The Society has for Sale: 
Reprinted from the JouRNAL of the Royal Astronomical Society, 1936-1939. 


The Physical State of the Upper Atmosphere, by B. Haurwitz, 96 pages; 
Price 50 cents postpaid. 


The Small Observatory and its Design, by H. Boyd Brydon, 48 pages; 
Price 25 cents postpaid. 


General Instructions for Meteor Observing, (revised 1940) by Peter M. 
Millman, 24 pages; Price 15 cents postpaid. . 


Two Inexpensive Drives for Small Telescopes, by H. Boyd Brydon, 12 
pages; Price 10 cents postpaid. 


A. H. Young’s Simple Mounting for the 6-inch Reflector, by H. Boyd 
Brydon, 16 pages; Price 10 cents postpaid. 


Send Money Order to 198 College St., Toronto. 
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